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TITLE OF THE INVENTION 

POLYfARYLENE ETHER) POLYMER WITH LOW TEMPERATURE 
CrSsSUNKING GRAFTS AND ADHESIVE COMPRISING THE SAME 

BACKGROUND OF THE INVENTION 

This invention relates to poly(arylene ether) polymers, and more particularly to 
grafting olefinic functional groups to the backbone of poly(arylene ether) polymers to provide 
cross-linkable polymers having particular utility as coatings and adhesives with high glass 
transition temperatures and low moisture uptake. 

The electronics industry has recently sought low dielectric materials for use in 
fabricating very fine dimensioned integrated circuits. However, the need for materials 
compatibility and dimensional stability over a wide range of conditions not only during 
ultimate end use, but also during further processing conditions leading to the finished 
integrated circuits, has presented a significant problem. The problem has been to make a 
polymeric thermoset system. This problem has been a very difficult one to solve, particularly 
for high Tg polymers where the desired temperature for reaction (i.e., cure) is below 450°C 

and more preferably below 200°C. 

Therefore, there is a need in the electronic fabrication industry for the replacement of 
silica-based, interlayer dielectric materials with materials of lower dielectric values. Silica 
and its modified versions have dielectric values on the order of 3.0 to 5.0 and usually 4.0 to 
4.5. Polymeric materials used as replacements for silica as interlayer dielectric materials can 
have dielectric constant values in the range of 1 .9 to 3.5, which values are highly dependent 
on the structure of the polymeric materials. To successfully replace silica as an interlayer 
dielectric material, the properties of polymeric materials must conform to the rigid 
manufacturing requirements for integrated circuits or microchips in the electronic fabricate 
industry. Crosslinking has been recognized as one way to address the requirements of 

electronic materials polymers. 

Past attempts utilized various different approaches for crosslinking polymers. A 
detailed summary of these attempts is provided in the inventor's U.S. Patent No. 6.060,170, 
assigned to Air Products & Chemicals, Inc. The document itself teaches use of poly(arylene 
ether) polymer compositions having aromatic groups grafted on the poly(arylene ether) 
backbone, which grafts allow for crosslinking of the polymers in a temperature range of 200 
to 450°C. A further reduction in crosslinking temperature would, however, be desirable. 
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m c 17Q i88and5 H4 780toMerceretal.alsodisclosepoly(arylene 

in turn deteriorate insulating and moisture adsorption propels 

,„ tegra ,ed circu* and chip ^^^1^ iow dieiecfric 
espeoially die-attaoh adhesives. These adhesves are requ, 

constants. ^"^^2^^^^ 

s^s te ««2^ S .o^2ro,nCl90X^n1«o 2 hours.A«era ire . 

refrigerated vehicles, and oure femperafu es of W ^ ^ 

i, is desired to have a Tg in the range of 160 to f 80 C, drelec 

^uency independence, and a maxi ^ 

All references cited herein are incorporated herern by reference 
BRIEF SUMMARY OF THE INVENTION 

According,,, .he invent provides a polygene e.her) polymer including pofymer 

repeafunteofmefollowingsf^cfure^ , 0 _ Ars _ 0 _Ar 4 -0)„- 

_ /O — Ar, — O — Ar 2 — O — ) m — K u ™ 3 

h raA r Ar Ar 3 and Ar 4 are identical or different aryl radicals, m is 0 to 1,nrs1-m, and a. 
where Ar, , Ar 2 , Ar 3 . ana «u «>' non-aromatic 

^ich dels no, afford a functional group or inferfere w«h fhe mechanrca, or eiecfnca, 
25 ^rr^samedrodfor^ 

" 160 . c : .OX. I dielecfric cons. , ~ » j"^^ 

below ^^"^ DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

The — will be described in coniuncfion wlfh fhe following drawngs ,n whrch 

Example 9 without curing; 



Fig . 2 i, a p,o. o. E', E" and tan<de„a> versus temperature ,cr .ha companion o, 

EXamP ' e ;;~ C E', E- ana ,an ( de»a> versus temperature ,or the compost - 
« 10 wtt.au, cunn* ^ ^ ^ ^ ^ ^ a, 

hea " n9; t 6 is a graph showing a DSC specuum a. ma compostoon a, Examp,a 9 In 
second heating. ^TAILED DESCRIPTION OF THE INVENTION 

Th e a—tloned drawbacks a, .a prlar adare — . * 0 = 

curing temparatura af lass than 200 C. Them adhesiwe s, saalants, 

ethe,, polymers and camions contamrng men, ^^aCronla davlca 
— S^r".r,« C^-nadha.^pr.ng 

can be accampllshad by heating wherein the polymer ^'^"^ by ma 
Polymers af the invention comprise polymer repeat umts represent 

following structure: 

_ (0 _Ar 1 -0-Ar 2 -0-) m -(-0-Ar 3 -0-Ar 4 -0) n - 

. Ar Ar Ar andA r 4 are identical o^ 
!5 where Ar, Ar 2 , Ar 3 , and Ar 4 are unsatura ted group (G), which .s not 

,east one of the aryl rad.cals .s grafted to at least one 

30 unsaturated groups G, as shown in the following structure. 

I ~ I . 0 \ _/_o — Ar 3 — O — Ar 4 — 0) n — 

— (O — Ar, — O — Ar 2 — O— )m-( u I | 

i k G 7 G 8 

where Gl , G, G, G 4 , G, G 6 , G 7 and G 8 are identic, or different unsaturated groups. 
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units 0*. ^ning polymer repeat unrts). In ^ 
po^er is built soleiy from the G-cen,a,n,ng ^ J^a LontotheG-con^ining 
encompasaespowawscc^ngoe.erpo^^^-^ any 

polymer repeat un*s, such as, e.g., polygene * <> > *T ^ .„ ^ dWerent 

unsaturated grans (i.e., G-free polymer repea un« , J * y 
p „, ym erre P ea,un,,scanb.oomhinea,o f o m .he^ymerof*e nve ^ ^ 

Led. Thus, polymers of me invention can be, e.g., random, 

copolymers of the different polymer repeat unte. 

TheaveragenumberofunsafuratedgroupsGper^rre ea, 

0.01 to 8.0, more preferabiy 0.1 to 4.0, even more ^'^^ by , he total 

calculated as ft. total number of unsaturated groups G per polymer 

number of polymer repeat units per polymer. indeDendent iy selected from the 

selected from the group consisting of: 



CH 3 

1 CH 3 
OH ? H 
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OH OH OH CH 3 A ?« 

CH3 H 3 C1 H f 3 





, and 




H 3 CT CH 3 



H 3 C CH 3 



Preferably, the aryl radicals An 
the group consisting of. 



, A r 2 , Ar 3 , and Ar 4 are independently selected 






More prefers, a, toast cna of aryl radicate Ar,. Ar, Ar, and Ar 4 is (and still mora 
prefera," J. and Ar s is indepandan.ly> S.^ydroxyP^IHuorane. 
2,2-diphenylhexafluoropropane or 2,2-diphenylpropane. 

An additional preferred aryl radical is 




Preferred examples 



of aryl radicals having unsaturated group(s) grafted thereto 



include: 




and the corresponding non-grafted polymer repeat units 
Preferred polymer repeat units of the invention include: 

H3C 




~OOH 
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TheUwentionencompa^^^^P^"^;^, heating , 0 . 
temperature of at least about 90 C, preferably 

1W C to 190-C. Optionally. orosslinKing . mduoed , me prese ^ 

t: -tee • — . p— 

(a) cyolizafion via dehydration, or (b) forma«on of an ethe, linkage. 
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in the case of unsaturated groups G lacking a pendent hydroxy! group, cross.inking typically 
occurs akylation of the aromatic ring: 






5 or olefin coupling: 





The invention also encompasses compositions (cured and uncured) comprising at 
least one polymer of the invention. The compositions, like the polymers themselves, are 
i, sealants, dielectrics, passivation layers, coatings or in photo.mag.ng. In 
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useful as adhesives, 



addKon .0 the a, leas, one po*mer, me colons cen further «££TL 
ingredient inc,udin 9 b* no. MM to, a diluent, a readive solvent a placer. 

'"^""Leddi^ 

and can reduce the cos, o. overai. adhesive system. Non-limiting examples o. su,able 
diluents include: 
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CH 3 



Polymers of the Invention can be provided by modifying the polygene ether) 
g raningproLdeschb^in*einven,o,seadierU.S.Pa.en,No.6,06<,,170,ogran,ohe 

aroml groups of the 170 patent. Thus, polymers of the invenhon are produced by a 
pm^lp^ngdi^^abonofmea^lemertpre^^.en^um,^ 

neutralize any residua, lithium * The grafting pmceaa is preferably conducted m a 
ZZZli from me group consisting of tetrahydrofuran, giyme. afhy, ether bu*l amy 
el, ,ert-bu*, me*y, ether, 2-me,hoxye«hyi ether, di(e.hy,ene glyceryl ether and 

" Th— polymers, when cured as discussed above, possess such desirable 
properties as a Tg from 160 to 180'C, a dielectric constant below 2.7 with fluency 

for use aa die-attach adheaives. The invention therefore further encompasses such 
adhesivea and methods for applying them to substrates. 



10 



,„ addition the invention reiates to any microelecaonic device oompnsmg 
the poster or polymer-con.alning oomposition as defined above. Preferably the 
ITeLonic device contains the po^mer in cured torm as a die-attach adhesive, a 
dielectric or a passivation layer. M ™nna 
The invention wilt be illustrated in more detail with reference to the following 
Examp.es. butitshould be understood that the present invention is no. deemed to be Wed 
thereto. 

Example 1: Preparation of Polyfarylene ether), PAE-1A 

A mixture of 1 14.14 g (0.5000 mol) of 4.4-isopropylidenediphenol (bisphenol A) 250 
g of mixed xylenes, and 500 g of benzophenone was charged to a 2000 mL, 3-necked 
round-bottomed ttasK mted w«h a Dean-Slarx .rap. condenser, nitrogen inlet, mechanic* 
stirrer and thermometer. The mixture was heated to 60-C w*h stirring under a nrtrogen 
losphere. Atter homogene* had been reached. 00.000 g o, a 
solution of sodium hydroxide (1 .0000 mol of sodium hydroxide, were slowly added over 10 
m,n. The reason mixture was heated to about 140'C and the water 
collected. After 4 hours and complete dehydration, the temperature of the reason m,xtt,re 
was increased to 200'C and the mixed xylenes were removed via dilation. The reason 
mixturawascooledtoSO-Cand 156.01 g (0.5000mol) of V*™^??^, 
The reaction mixlure was .hen heated to 200'C. A 10 mL portion of a copper 0) chlonde / 
guinoline soluUon (containing 0.10 g of copper (I) chloride. 1.00 mmo,)was added and he 
eac.ionmixn.rewasmain.ainedaaOO-CforlThou^Thereaaionmlxturewascoo^o 
10 0X,and250go,mixedxy,eneswereadded.Thereac.ionmi>rturewas^duenc^n 

arapidly alirred solution of 300 go. acetic acid in 2000 mL of memanol. Tt. precise ws 
Isold and placed in 2 L o, boiling water for 6 hours. The precipitate was men placed, 
2000 mL of methanol overnight. After isolating and drying the precipitate, it was then 
dissolved in 2000 mL of tetrahydrofuran. After altering the solution, itwaathen predated 
in methane, a, a 1:4 ratio of polymer solution to methanol. The P<**» ~ « * 
washed with methanol, and .hen dried in a vacuum oven a. 100'C ovem,ght. Th,a procedure 
yielded 153. 9 g of polymer, which possessed .he following properties: 

Molecular weigh, (by GPC): Mw = 24.500: Mn = 9.100: d = 2.69; Tg (by DSC). 



151°C. 
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The polymer repeal unit of the resting polymer is represented by the foUov.no 



structure: 




H 3 C CH 3 



Example 2: Preparation of Polyfarylene ether), PAE-fB 

A mixture of 114.14 g (0.5000 mol) of 4.4'-isopropylidenediphenol (bisphenol A), 
250 g o, mixed xylenes, and 500 g o, benzophenone was charged <o a ~^e=Ked 
roun o- b o«omed flask fitted w«h a Dean-Stark trap, oondenser, nrtrogen ,n,e«. meohan- 

stirrer and thermometer. The mirture was heated to 60X with stimng under a nitrogen 
stirrer, ana me ^ aqueous 

atmosphere. After homogeneity had been reached, ou.uuu g . 
sotuaon o, sodium hydroxide (1.0000 mo, of sodium hydroxide, were slowly added overlO 
m „ The reaction mixture was heated to about 140'C and ate water azeofrope was 
"ecfe After 4 hours and complete dehydrabon, the temperature of the reacbon nurture 
: Z ltd to 200-C and the mixed xyfcnes were removed via dilation. The «*n 

The reaction mixture was then heafed to 200°C. A 10 mL portion of • «^^ 
auinoline solulion (containing 0.10 g of copper (,) chloride, 1 .00 mmoi) was added am . bie 
Leon mixture was maintained a, 200'C for 17 hours. The reection ° 
100-C and250gofmixedxyleneswereadded. The reacbon mixture was then quenched, n 

so,a.ed and placed in 2 L of boiling water for 6 hours. The precipitate was men placa ,n 
t l o, methanol overnight. Aner isolabng and drying the precise, i, was men 
Ztved in 2000 m L o, tetrahydrofuran. Afterbitennglhe solution, awasaien prec,^ 
^methanol a, a 1:4 ratio o, potymer soiubon .0 methanol. The precipe was coilected, 

afforded 165.0 g of polymerwhich possessed thefollowing properties: Molecular we,ght (by 
GPC): Mw = 0,800; Mn = 4,400; d = 2.24; Tg (by DSC): 09*0. 
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The 



structure: 



20 



25 



polymer repeat unit of the resulting polymer is represented by the following 




Example 3: Preparation of Poly(arylene ether), PAE-2 

A mixture of 35.0421 g (0.1000 mol) of g,g-bis(4-hydroxyphen,l)fluorene, 75 g of 
toluene, and 100 , of benzophenone was oharged to a 500 mL. 3-necked, round-bottomed 
„ask fitted with a Dean-StarK trap, oondenser, nitrogen inlet meohan,ca, strrer and 
thermometer. The mixture was heated to BOX wKh stirring under a nrtrogen atmosphere^ 

hydroxide (0.2000 mol of sodium hydroxide) were slowly added over 10 m,n. The reaCon 
mire was heated ,o abou, 140X and the water azeo,rope was colieoted. A«er 4 hou* 
and oomplete dehydration, the.empera.ure of me reaceon mixlure was .noreased o 2K C 
and .he toluene was removed via distillation. The reaction mixture was pooled to 80 C and 
31 2 o 2 o(0 1000 mo,) of4,4'-dibromobiphenylwere added. The reaction mixture was then 
heated to 200X. A 10 mL portion of a copper (I) chloride / guinoiine sotuaon (contammg 
0 10 g of copper (!) chloride, 1 .00 mmol) wes added and the reaction mixture was manned 
a«200X.or48hours.Thereac.ionmix,urewascoo,ed«o100X,and200go..o,uenewe« 

added The reaction mixture was men quenched in a rapidly s«rred soKnion of 25 g of acettc 
acid in tOOOg of methanol. The ptecipitate was isolated and placed *"-**£T 
for 8 hours. The precipitate was f,rs. dried in an oven (100X) men dissolved n 300 g of 
.e.rahydro.uran. The polymer sotulion wasflltered and then precipiWed in1 Lof metha oL 
The predate was collected, washed with methanol, and then dried in a vacuum oven a. 
100-C overnigh.. This procedure afforded 42 g of polymer which possessed .he .follow^ 
properties: Molecular weigh, (by GPC): Mw = 85,300; M n = 20.700; d - 3.16, Tg (by DSC). 
257-C- Thermal s,abi.i.y (by TGA. isCherma, weigh, loss a. 400°C): <0.1 w.% ioss/hr. 
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The polymer repeat unit of the resulting polymer is represented by the following 



structure: 




Example 4: Grafting Allyl Bromide onto PAE-1A 

The process of this example is represented by the following equation: 




1) tert-BuLi 



THF 

-40 to -10 C 

2) allyl bromide 
-10 to 25 C 

3) acetic acid 




R = H or Graft 
where Graft = X. 



in a 500 mL, three-necked, round-bottomed flask fitted with a mechanical stirrer, 
nitrogen inlet, and addition funnel. 20.00 g (0.0528 mo. of polymer repeat unit) of the 
polygene ether), PAE-1 A, prepared in Example 1 were dissolved in 350 mL of anhydrous 
tetrahydrofuran with stirring. The solution was cooled to -40'C with the aid of a carbon 
dioxide/acetone bath. With vigorous stirring, 1 5 mL (0.0255 mo.) of 1 .7 M tert-butyllithium .n 
pentane were added over a 5-1 5 minute period. The solution turned from a clear, light yellow 
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colored solution to a deep red colored solution. The cooling bath was removed and the 
solution was allowed to warm to -10°C. A 2.41 g (0.0200 mol) portion of allyl brom.de was 
added The cooling bath was removed and the solution was gradually warmed to 20X over 
30 minutes. After maintaining the reaction mixture at this temperature for 3 hours w,th 
stirring 20 mL of acetic acid were added. The light green solution was filtered and then 
precipitated in 1600 mL of methanol. After drying the polymer precipitate in a vacuum oven 
set at 60°C 19 69 g of PAE-1A polymer bearing allyl groups ortho to the ether links .n the 
polymer were recovered. NMR analysis of the polymer revealed that 39.0<>/o of the polymer 
repeat units contained the grafted allyl group. 

Example 5: Grafting 3-Chloro-2-methylpropene onto PAE-1A 

The process of this example is represented by the following equation: 

1) tert-BuLi 




THF 

-40 to -10 C 

2) 3-chloro-2-methylpropene 

-10 to 25 C 

3) acetic acid 




H 3 c ch 3 



R = H or Graft 

CH 3 

where Graft = S 



in a 500 mL, three-necked, round-bottomed flask fitted with a mechanical stirrer, 
nitrogen inlet, and addition funnel, 25.00 g (0.0661 mol of polymer repeat unit) of PAE-1 
prepared in Example 1 were dissolved in 350 mL of anhydrous tetrahydrofuran with sfamn* 
The solution was coded to -40°C with the aid of a carbon dioxide/acetone bath. W.th 
vigorous stirring, 15 mL (0.0255 mol) of 1 .7 M tert-butyllithium in pentane were added over a 
5-1 5 minute period. The solution turned from a clear, light yellow colored solution to a deep 
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red colored solufion. Tne cooiing bam was .moved and ft. solubon was «~d» wann 
o Z'C A 2 00 g (0.0221 mo,) portion of 3-ch,oro.2-meftylpropene was added The 

mLofn ^artO..A ta rd^ 9 ftapoVmsrprac iP Ka.e,rtavacu Um ova, 

„, PAE-1A polymar bearing meftallyl groups ortho to fta aftar ImKs ,n fta polym* 

NMR analysis o, fte poiymer revealed fta, 32.0% o. fta polymer rapaa, un*s 

contained the methallyl group. 

Example 6: Grafting Ally. Bromide onto PAE-1B 

The process of this example is represented by the fo.lowing equation: 

1 1) tert-BuLi ^ 

^A>°"A>T" THF 

-40 to -10 C 

2) allyl bromide 
-10 to 25 C 

3) acetic acid 




15 



20 




K 



H 3 C CH 3 



R = H or Graft 
where Graft = 

, n . 500 mL, ftree-neoKed. round-bortomed flasK fmed w«b a ma« 
, . ^rfdffion funnel 20 00 g (0.0507 mol of polymer repeat unit) of the PAE IB 

" -10'C A 4 00 g (0.0332 moO portion of ally, bromide was added. The cool,ng baft was 
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removed and the solution was gradually warmed to 20'C over 30 minutes. After maintaining 
the reaction mixture at this temperature for 3 hours with stirring, 20 ml_ of acetic acid were 
added. The light green solution was filtered and then precipitated in 1 600 mL of methanol. 
After drying the polymer precipitate in a vacuum oven set at 60°C, 19.60 g of PAE-1B 
polymer bearing ally! groups ortho to the ether links in the polymer were recovered. NMR 
analysis of the polymer revealed that 35.0% of the polymer repeat units contained the allyl 
group. 

Example 7: Grafting 3-Chloro-2-methylpropene onto PAE-1B 

The process of this example is represented by the following equation: 




H 3 C CH 3 



1) tert-BuLi 



THF 

-40 to -10 C 

2) 3-chloro-2-methylpropene 

-10 to 25 C 

3) acetic acid 




H 3 C CH 3 



R = H or Graft 

CH 3 

where Graft = /^J^ 

In a 500 mL, three-necked, round-bottomed flask fitted with a mechanical stirrer, 
nitrogen inlet, and addition funnel, 20.00 g (0.0507 mol of polymer repeat unit) of the PAE-1 B 
prepared in Example 2 were dissolved in 350 mL of anhydrous tetrahydrofuran with stirring. 
The solution was cooled to -40°C with the aid of a carbon dioxide/acetone bath. With 
vigorous stirring, 20 mL (0.0340 mol) of 1 .7 M tert-butyllithium in pentane were added over a 
5-1 5 minute period. The solution turned from a clear, light yellow colored solution to a deep 
red colored solution. The cooling bath was removed and the solution was allowed to warm 
to -10°C. A 6.00 g (0.0663 mol) portion of 3-chloro-2-methylpropene was added. The 
cooling bath was removed and the solution was gradually warmed to 20°C over 30 minutes. 
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acefic acid were added. The Ugh, green solution was Altered and then preened n 1600 
mL of methanol. After drying the pofymer preolpitate In a vacuum oven set at 60 C. 21 .17 g 
of PAE-1B polymer bearing methallyl groups orteo to the ether links in the polymer were 
reoovered. NMR analysis of the pofymer revealed that 30.0% of the polymer repeat un,ts 

contained the methallyl group. 

Example 8: Grafting Vinyl Bromide onto PAE-1A 

The process of this example is represented by the following equation: 




1) tert-BuLi 



THF 

-40 to -10 C 

2) vinyl bromide 
-10 to 25 C 

3) acetic acid 




10 



15 



20 



R = H or Graft 
where Graft = S* 

,n a 500 mL. three-neoked, round-bottomed flask fitted with a mechanical stirrer 
nitrogenlnle.. and addWon funnel, 20.00 g <0.0528 mol of polymer repeat una) of thePAE-IA 

The solution was cooled to -40X with the aid of a carbon dioxide/ acetone b*te W * 
5 15 minute period. The solubon turned from a dear, ligh, yellow colored solubon o a deep 
red colored solution. The cooling bath was removed and IhesoWon was a»owedtewan. 
to-10°C A25mL portion of a 1 .0 M solution of vinyl bromide in tetrahydrofuran (0.250 mol 
o,viny,bromide,was added. The cooling bate was removed and tee solution wasgradually 
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warmed to 20°C over 30 minutes. After maintaining the reaction mixture at this temperature 
for 17 hours with stirring, 25 mL of acetio acid were added. The light green solution was 
filtered and then precipitated in 1600 mL of methanol. After drying the polymer precipitate .n 
a vacuum oven set at 60°C, 19.25 g of PAE-1A polymer bearing vinyl groups ortho to the 
ether .inks in the polymer were recovered. NMR analysis of the polymer revealed that 2.0% 
of the polymer repeat units contained the vinyl group. 
Example 9: Grafting Citral onto PAE-1A 

The process of this example is represented by the following equation: 




1) tert-BuLi 



THF 

-40 to -10 C 

2) citral 

-10 to 25 C 

3) acetic acid 




10 



15 



R = H or Graft 
where Graft = 




(mixed isomer) 



in a 500 mL, three-necked, round-bottomed flask fitted with a mechanical st.rrer, 
nitrogen inlet, and addition funnel, 20.00 g (0.0528 mol of polymer repeat unit) of the PAE-1A 
prepared in Examp.e 1 were dissolved in 350 mL of anhydrous tetrahydrofuran with sfirnng^ 
The solution was cooled to -40'C with the aid of a carbon dioxide/acetone bath. Wrth 
vigorous stirring, 25 mL (0.0425 mo.) of 1 .7 M tert-butyllithium in pentane were added over a 
5-1 5 minute period. The solution turned from a dear, light yellow colored solution to a deep 
red co.ored solution. The cooling bath was removed and the solution was allowed to warm 
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to -1 0«C A 4 00 g (0.0263 mol) portion of citral was added. The cooling bath was removed 
and the solution was gradually warmed to 20»C over 30 minutes. After maintaining the 
reaction mixture at this temperature for 3 hours with stirring, 25 mL of acetic acd were 
added The light green solution was filtered and then precipitated in 1 600 mL of methanol. 
After drying the polymer precipitate in a vacuum oven set at <50'C, 23.5 g of PAE-1A 
polymer bearing a-hydroxycitry. groups ortho to the ether links in the polymer were 
recovered. NMR analysis of the polymer revealed that 39.0<>/o of the polymer repeat un.ts 
contained the a-hydroxycitryl group. 

Example 10: Grafting Citral onto PAE-2 

The process of this example is represented by the following equation: 

1) tert-BuLi 




THF 

-40 to -10 C 

2) citral 

-10 to 25 C 

3) acetic acid 




.5 



R = H or Graft 
where Graft = /= 

H 3 C 




in a 1000 mL, three-necked, round-bottomed flask fitted with a mechanical st.rrer, 
nitrogen inlet, and addition funnel, 30.00 g (0.060 mol of polymer repeat unit) of the PAE-2 
prepared in Example 3 were dissolved in 600 mL of anhydrous tetrahydrofuran with stirnng^ 
The solution was cooled to -40°C with the aid of a carbon dioxide/acetone bath. W,th 
vigorous stirring, 25 mL (0.0425 mol) of 1.7 M tert-butyllithium in pentane were added over a 
5-1 5 minute period. The solution turned from a clear, light yellow colored solution to a deep 
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red colored solution. The cooling bath was removed and the solution was allowed to warm 
to -1 0°C A 5.00 g (0.0328 mol) portion of citral was added. The cooling bath was removed 
and the solution was gradually warmed to 20°C over 30 minutes. After maintaining the 
reaction mixture at this temperature for 1 hour with stirring, 3.60 g (0.600 mol) of acet.c acd 
were added. The light green solution was filtered and then precipitated in 1000 mL of 
methanol. After drying the polymer precipitate in a vacuum oven set at <50°C, 31.33 g of 
PAE-2 polymer bearing a-hydroxycitryl groups ortho to the ether links in the polymer were 
recovered. NMR analysis of the polymer revealed that 32.0% of the polymer repeat units 
contained the alpha-hydroxycitryl group. 

Example 1 1 : Properties of Select Poly(arylene ether)s with Olefinic Crosslinks 

Groups 

Poly(arylene ether)s, PAE-1A from Example 1 and PAE-2 from Example 3, were 
derivatized with citral grafts in Examples 9 and 10 respectively. The mechanical propert.es 
of the grafted and ungrafted polymers were compared. The mechanical propert.es were 
obtained on freestanding films of about 30 microns, with the results shown in Table 1 and 
Figures 1 -4. Ungrafted PAE-1 A and PAE-2 do not undergo any crosslinking when heated to 
170°C They remain thermoplastic. However, the citral-g rafted derivatives undergo 
crosslinking, forming a thermoset product. The on-set temperatures for the crosslinking 
reaction with the citral graft with no added catalyst or initiator appearto be 1 25°C and 160°C, 
as indicated by the endotherms obtained by differential scanning calorimetry (DSC) of PAE- 
1 A with 39% citral graft as shown in Figures 5 and 6. 
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Table 1 . Properties of PAE-1 A and PAE-2, Ungrafted and Grafted with Citral, Before 
After 170°C Thermal Cure. 



Film 
No. 


Material 
(Example 
No.) 


Properties before Cure at 
170°C 


Properties after Cure at 170°C 


1 


PAE-1 A (1) 


• Tg = 154 °C 

• Thermoplastic 

• 0.17 wt% Moisture 
Uptake 


• No Change 


2 


PAE-1 A with 
Citral (9) 


• Tg - 62-65 °C 

• Thermoplastic 


• Tg = 195°C 
(DMA) 

• Tg = 1 64 °C 
(DSC) 

• Thermoset 

• E' = 1 .5 e1 0 dynes/cm 2 @ 50°C 

• t = / .^U e/ oynes/cm vy^ 
250°C 

On-set of reaction (DSC): 125 °C & 
160 °C 


3 


PAE-2 

w) 


• Tg = 275 °C 

• i i ixsi 1 1 lupiaouo 

• 0.25 wt% Moisture 
Uptake 


• No Change 


4 


PAE-2 
with 
Citral 
(10) 


• Tg unknown 
(crosslinking reaction 
temperature at or below Tg) 

• Thermoplastic 


• Tg = 250 °C (DMA) 

• Tg = 210°C(DSC) 

• Thermoset 

• E" = 1 .5 e1 0 dyn/cm 2 @ 50°C 

• E' = 5.3 e7 dyn/cm 2 @. 300°C 



While the invention has been described in detail and with reference to specific 
examples thereof, it will be apparent to one skilled in the art that various changes and 
modifications can be made therein without departing from the spirit and scope thereof. 
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